The recent emergence of Middle East respiratory syndrome coronavirus from the Middle East and its discovery from dromedary camels has boosted interest in the search for novel viruses in dromedaries. The existence of astroviruses (AstVs) in dromedaries was previously unknown. We describe the discovery of a novel dromedary camel AstV (DcAstV) from dromedaries in Dubai. Among 215 dromedaries, DcAstV was detected in faecal samples of four [three (1.5 %) adult dromedaries and one (8.3 %) dromedary calf] by reverse transcription-PCR. Sequencing of the four DcAstV genomes and phylogenetic analysis showed that the DcAstVs formed a distinct cluster. Although DcAstV was most closely related to a recently characterized porcine AstV 2, their capsid proteins only shared 60-66 % amino acid identity, with a mean amino acid genetic distance of 0.372. Notably, the N-terminal halves of the capsid proteins of DcAstV shared #85 % amino acid identity, but the C-terminal halves only shared #49 % amino acid identity compared with the corresponding proteins in other AstVs. A high variation of the genome sequences of DcAstV was also observed, with a mean amino acid genetic distance of 0.214 for ORF2 of the four strains. Recombination analysis revealed a possible recombination event in ORF2 of strain DcAstV-274. The low K a /K s ratios (number of non-synonymous substitutions per non-synonymous site to number of synonymous substitutions per synonymous site) of the four ORFs in the DcAstV genomes supported the suggestion that dromedaries are the natural reservoir where AstV is stably evolving. These results suggest that DcAstV is a novel species of the genus Mamastrovirus in the family Astroviridae. Further studies are important to understand the pathogenic potential of DcAstV.
The recent emergence of Middle East respiratory syndrome coronavirus from the Middle East and its discovery from dromedary camels has boosted interest in the search for novel viruses in dromedaries. The existence of astroviruses (AstVs) in dromedaries was previously unknown. We describe the discovery of a novel dromedary camel AstV (DcAstV) from dromedaries in Dubai. Among 215 dromedaries, DcAstV was detected in faecal samples of four [three (1.5 %) adult dromedaries and one (8.3 %) dromedary calf] by reverse transcription-PCR. Sequencing of the four DcAstV genomes and phylogenetic analysis showed that the DcAstVs formed a distinct cluster. Although DcAstV was most closely related to a recently characterized porcine AstV 2, their capsid proteins only shared 60-66 % amino acid identity, with a mean amino acid genetic distance of 0.372. Notably, the N-terminal halves of the capsid proteins of DcAstV shared #85 % amino acid identity, but the C-terminal halves only shared #49 % amino acid identity compared with the corresponding proteins in other AstVs. A high variation of the genome sequences of DcAstV was also observed, with a mean amino acid genetic distance of 0.214 for ORF2 of the four strains. Recombination analysis revealed a possible recombination event in ORF2 of strain DcAstV-274. The low K a /K s ratios (number of non-synonymous substitutions per non-synonymous site to number of synonymous substitutions per synonymous site) of the four ORFs in the DcAstV genomes supported the suggestion that dromedaries are the natural reservoir where AstV is stably evolving. These results suggest that DcAstV is a novel species of the genus Mamastrovirus in the family Astroviridae. Further studies are important to understand the pathogenic potential of DcAstV.
INTRODUCTION
Astroviruses (AstVs) are small, non-enveloped, positive-sense, ssRNA viruses. They are widely distributed in humans and various animals and are most commonly associated with acute gastroenteritis with major public health interests (Appleton & Higgins, 1975; De Benedictis et al., 2011; Medici et al., 2014; Moser et al., 2007) . Occasionally, AstVs are also associated with infections in other organ systems, such as the central nervous system (Blomström et al., 2010; Li et al., 2013; Quan et al., 2010) . Since the severe acute respiratory syndrome (SARS) epidemic, there has been a boost in the interest in studying novel zoonotic viruses including AstVs (Hu et al., 2014; Lan et al., 2011; Luo et al., 2011; Shan et al., 2011; Xiao et al., 2012 Xiao et al., , 2013 Zhu et al., 2009) . Novel human and animal AstVs have been discovered in recent years (Atkins et al., 2009; Chu et al., 2010; Finkbeiner et al., 2008 Finkbeiner et al., , 2009 Hu et al., 2014; Kapoor et al., 2009; Luo et al., 2011; Martella et al., 2011a, b; Rivera et al., 2010; Smits et al., 2010; Stenglein et al., 2012) . We have also described the discovery of novelunderstanding of their genetic diversity, evolution, biology and potential for cross-species transmission and emergence.
Camels are one of the most unique mammals on earth that have shown perfect adaptation to desert life. There are two surviving Old World camel species, namely Camelus dromedarius (dromedary or one-humped camel), which inhabits the Middle East and North and North-east Africa, and Camelus bactrianus (Bactrian or two-humped camel), which inhabits Central Asia. Among the 20 million camels on earth, 90 % are dromedaries. Before 2013, viruses of at least eight families had been found to infect camels. The recent emergence of Middle East respiratory syndrome coronavirus (MERS-CoV) from the Middle East and the discovery of this virus from nasal samples of dromedaries have boosted interest in the search for novel viruses in dromedaries (de Groot et al., 2013; Lau et al., 2013b; Perera et al., 2013; Reusken et al., 2013; Zaki et al., 2012) . Recently, we reported the discovery of a novel dromedary camel CoV, UAE-HKU23, a novel genotype of hepatitis E virus and a novel dromedary camel enterovirus from dromedaries in the Middle East (Woo et al., 2014b (Woo et al., , c, 2015 . Moreover, we have also described novel and high abundance and diversity of circoviruses and picobirnaviruses in dromedaries by metagenomics analysis (Woo et al., 2014a) . As this metagenomics study also suggested the presence of AstV sequences, and dromedaries are not known to be reservoirs of, or susceptible to, any known AstVs, we hypothesize that previously unrecognized AstVs may be present in dromedaries. In this study, we have described the discovery of a novel AstV, dromedary camel AstV (DcAstV), in dromedaries from the Middle East. The virus was detected in 1.9 % of faecal samples from dromedaries included in this study. Based on the results of our comparative genome and phylogenetic analyses, we proposed a novel species in the genus Mamastrovirus in the family Astroviridae, to include DcAstV.
RESULTS

Dromedary surveillance and identification of novel AstVs
Reverse transcription (RT)-PCR for a 307 bp fragment of ORF1b of AstVs was positive in specimens from the faecal samples of four (1.9 %) [three (1.5 %) adult dromedaries and one (8.3 %) dromedary calf] of 215 dromedaries. The four AstV-positive dromedaries were from four different camel farms. The sequences from these positive samples had v87 % nucleotide identity to the corresponding parts of ORF1b in all other known AstVs, suggesting the presence of one or more novel AstVs.
Genome organization and coding potential of DcAstV
The size of the four genomes of DcAstV sequenced were 6311-6348 bases, after excluding the poly(A) tract, and the G+C content was 47 mol%. The genome organization of DcAstV was consistent with that of other mamastroviruses. DcAstV was predicted to contain a 59 UTR, four ORFs (ORF1a, -1b, -2 and -X), a 39 UTR and a poly(A) tail. The 59 UTR of DcAstV was determined to be 42 nt. The 39 UTR of DcAstV was determined to be 75-78 nt.
ORF1a was predicted to encode a 824 aa protein (1-1.7 % amino acid difference among the four strains of DcAstV), with each containing a trypsin-like peptidase domain as revealed by Pfam analysis and showing significant similarity to those of known AstVs by BLASTP analysis. The heptanucleotide frameshift signal (AAAAAAC) was identified near the end of ORF1a in DcAstV. Pfam analysis revealed that DcAstV ORF1b contained the RNAdependent RNA polymerase (RdRp) domain (0.6-1.6 % amino acid difference among the four strains of DcAstV) found in other positive-sense ssRNA viruses (Woo et al., 2005 (Woo et al., , 2012a . The characteristic YGDD motif in the RdRp of other AstVs was also observed.
As in most other mamastroviruses (De Benedictis et al., 2011) , DcAstV had an 8 nt region of overlap at the end of ORF1b and beginning of ORF2, with ORF2 maintained in the same reading frame as ORF1a. The highly conserved sequence among mammalian AstVs upstream of ORF2, UUUGGAGNGGNGGACCNAAN 4-11 AUGNC (where N is any of the four nucleotides), which was suggested to be a promoter for subgenomic RNA synthesis, was present in DcAstV. Just upstream of the start codon of ORF2 in DcAstV, this region included the 11 nt (N 11 ) GACAAG-CUCUA (complete sequence motif: UUUGGAGGGGAGG-ACCAAAN 11 AUGGC) (Fig. 1) . ORF2 of DcAstV was predicted to encode a 753-765 aa capsid protein. Notably, there was 0.9-35.9 % amino acid difference in this putative capsid protein among the four strains of DcAstV. There was 0.3-19.7 % amino acid difference among the four strains in the N-terminal half of the capsid protein (aa 1 to 393), and 1.6-53.4 % amino acid difference among the four strains in the C-terminal half of the capsid protein (aa 394 to the end of protein) (Fig. 2) . Notably, the N-terminal halves of the capsid proteins of DcAstV shared j85 % amino acid identity, but the C-terminal halves of them shared only j49 % amino acid identity, compared with the corresponding proteins in other AstVs. An additional 71-75 codon ORF, ORFX, which overlaps with the 59 end of ORF2 in the +1 reading frame, was observed in the genomes of all four strains of DcAstV. The start codon of ORFX was located 59 nt downstream from that of ORF2. This ORFX could be translated through a leaking scanning mechanism, which has been described in human AstVs and other mammalian AstVs (Firth & Atkins, 2010) . The conserved stemloop II-like motif (s2m) structure that was predicted at the 39 end of the genomic RNA of several AstVs was found in DcAstV ( Fig. 1) (Lan et al., 2011; Luo et al., 2011) .
Phylogenetic analyses
To evaluate the relationship between DcAstV and other known AstVs, we performed phylogenetic analysis using translated complete amino acid sequences from ORF2 of 74 mamastroviruses (Fig. 3) . Although DcAstV was most closely related to members of a recently characterized AstV species, Mamastrovirus 32, which includes porcine AstV 2 (PAstV-2) and porcupine AstV (PcpAstV) (Hu et al., 2014; Shan et al., 2011) , and was next most closely related to members of another AstV species, Mamastrovirus 33, which includes bovine AstV (BAstV) and deer AstV (CcAstV) (Smits et al., 2010; Tse et al., 2011) , it shared only 59-66 % and 57-62 % amino acid identities with the capsid proteins of members of the species Mamastrovirus 32 and Mamastrovirus 33 respectively (Table 1) .
Recombination analysis
Recombination analysis was performed on the amino acid sequences encoded by ORF1ab and ORF2 of DcAstV, PAstV, BAstV and CcAstV. Recombination analysis on ORF1ab did not reveal any significant recombination breakpoints supported by genetic algorithm recombination detection (GARD). As for ORF2, the presence of recombination at position 385 (DcAstV-64 numbering) was suggested by the single breakpoint recombination (SBR) analysis, and the breakpoint was supported by GARD (Pv0.05). A phylogenetic tree reconstructed using the amino acid sequences of ORF2 upstream to the breakpoint (aa 1-385) showed that DcAstV-274 clustered with BAstV-B18, BAstV B76-2, CcAstV-1 and CcAstV-2, whereas that constructed using the amino acid sequences of ORF2 downstream to the breakpoint (aa 386-765) showed that DcAstV-274 clustered with the other three DcAstVs (Fig. 4) , suggesting that a recombination event might have occurred in the DcAstV-274 genome around this breakpoint.
Estimation of synonymous and non-synonymous substitution rates
Using the four DcAstV genome sequences for analysis, the K a /K s ratios (number of non-synonymous substitutions per non-synonymous site, K a , to number of synonymous substitutions per synonymous site, K s ) for the four ORFs were calculated ( Table 2 ). The K a /K s ratios of all four ORFs were low, suggesting that DcAstV is stably evolving in dromedaries.
Viral culture
No cytopathic effect was observed in any of the cell lines inoculated with the samples that were positive for DcAstV by RT-PCR. RT-PCR using the culture supernatants and cell lysates for monitoring the presence of viral replication also showed negative results.
DISCUSSION
We report the discovery of a novel AstV, DcAstV, from dromedaries in the Middle East. The family Astroviridae is classified into two genera: Mamastrovirus, which includes the mammalian AstVs, and Avastrovirus, which includes the avian AstVs. Although mammalian AstVs have been found in more than 20 different kinds of mammals, it has never been reported in camelids. In this study, DcAstV was found in dromedaries, in 8.3 % of dromedary calves but only 1.5 % of adult dromedaries. This phenomenon of a higher prevalence of infection in dromedary calves than adult dromedaries has been observed in a few other recently discovered viruses in dromedaries, including MERS-CoV, our recently discovered dromedary camel CoV, UAE-HKU23, and dromedary camel enterovirus (Woo et al., 2014c (Woo et al., , 2015 . The low K a /K s ratio of the coding regions of the DcAstV genome showed that the virus is stably evolving in dromedaries, suggesting that dromedaries are the natural reservoir of DcAstV, rather than animals that are only occasionally infected by the virus. According to the definition of the genotype species of the genus Mamastrovirus proposed by the Astrovirus Study Group of the International Committee for Taxonomy of Viruses (ICTV) (http://www.ictvonline.org), both the genetic analysis of the full-length ORF2 encoding the capsid proteins and the host of origin should be considered. In the ICTV proposal, for the full-length ORF2 encoding the capsid proteins, the mean amino acid genetic distances between different AstV species range between 0.378 and 0.750. In a recent article, the mean amino acid genetic distances between different AstV species was updated to range between 0.368 and 0.781 using more AstVs (Guix et al., 2013) . Based on these criteria, the genus Mamastrovirus AY720892 HAstV-1 Dresden AF141381 HAstV-3 Y08632 HAstV-7 HM237363 HAstV-6 Katano DQ028633 HAstV-5 Goiania DQ070852 HAstV-4 Goiania L13745 HAstV-2 AF260508 HAstV-8 currently consists of at least 33 species, among which 19 were included in the taxonomic proposal submitted to the ICTV by the Astrovirus Study Group in 2010 (Bosch et al., 2010) . As for the present DcAstV, the mean amino acid genetic distance between it and its phylogenetically most closely related AstV species, PAstV-2, was 0.372. Furthermore, the host of DcAstV is distinct from those of its closely related AstVs. Therefore, DcAstV should represent a distinct AstV species in the genus Mamastrovirus. Further molecular epidemiological studies on Bactrians as well as other camelids are important to understand the host specificity of DcAstV.
A high variation of the genome sequences of DcAstV was observed. In the ICTV proposal, the mean amino acid genetic distances of the ORF2 among different strains within an AstV species range between 0.006 and 0.312, and these numbers have been updated to 0.000-0.318 in a recent article using more AstVs (Guix et al., 2013) . For the four strains of DcAstV in this study, the mean amino acid genetic distance of the ORF2 among them was 0.214. Although this indicated that these four strains of DcAstV should belong to the same species in the genus Mamastrovirus, the genome of strain DcAstV-274 showed a significant difference from those of the other three strains of DcAstV (Table 1 ). In fact, the genetic distance between the ORF2 of DcAstV-274 and those of the other three strains of DcAstV was 0.336-0.344. Most of the differences were observed in the capsid protein, and in particular in the C-terminal half of the capsid protein (Fig. 2) . This is consistent with the model that the N-terminal half of the AstV capsid protein represents a conserved core assembly domain and the C-terminal half of it is the variable domain involved in receptor binding (Krishna, 2005) . This is also in line with X-ray crystallographic analysis of the capsid protein of HAstV, which showed that the C-terminal half projection domain is the part that is exposed to the external environment and therefore is subject to immune selection (Dong et al., 2011; Méndez-Toss et al., 2000; Méndez et al., 2014) . This high variation in genetic distance among different strains of AstV within a species was also observed in the species Mamastrovirus 1, where the genetic distance among serotypes HAstV-1 to HAstV-8 can be up to 0.366. Of note is that a possible recombination event might have occurred in the genome of DcAstV-274, which may also account for the sequence variation in this strain. As recombination events are not unusual among AstVs and have been described in several mammalian AstVs (Rivera et al., 2010; Ulloa & Gutiérrez, 2010; Wolfaardt et al., 2011) , the recombination detected in ORF2 might have generated diversity in the AstV capsid proteins and may facilitate interspecies jumping.
The clinical significance of DcAstV remains to be determined. Although there have been some reports in recent years describing the possible role of AstVs in encephalitis (Blomström et al., 2010; Bouzalas et al., 2014; Brown et al., 2015) , the commonest disease associated with AstVs is gastroenteritis. This has been most thoroughly studied for human AstVs, which are distributed worldwide and are associated with up to 20 % of acute, non-bacterial gastroenteritis in children in some studies (De Benedictis et al., 2011; Gaggero et al., 1998; Guix et al., 2002; Kirkwood et al., 2005; Moser & Schultz-Cherry, 2005; Naficy et al., 2000) . In addition to human AstVs, feline AstV, ovine AstV and PAstV have been confirmed to cause gastroenteritis in the cats, lambs and pigs, respectively (Bridger, 1980; Harbour et al., 1987; Snodgrass et al., 1979) . Furthermore, canine AstV, mink AstV, rabbit AstV and CcAstV have also been found to be associated with gastroenteritis in dogs, minks, rabbits and deer, respectively (Martella et al., 2011a (Martella et al., , b, 2012 Mittelholzer et al., 2003; Smits et al., 2010) . On the other hand, for the mammalian AstVs found in sea lions, bottlenose dolphins, bats, mice, rats, foxes, wild boar, porcupines and cattle, there is so far no data on whether they are associated with gastroenteritis, although these viruses were found in the faecal samples of the animals (Bodewes et al., 2013; Chu et al., 2008 Chu et al., , 2010 Hu et al., 2014; Phan et al., 2011; Reuter et al., 2012; Rivera et al., 2010; Tse et al., 2011; Zhu et al., 2009) . In the present study, most of the faecal samples were obtained from dromedaries in various camel farms during routine check-ups, and therefore the four DcAstV strains were found in asymptomatic dromedaries. Further clinical studies involving both groups of dromedaries with gastroenteritis and asymptomatic dromedaries are necessary to ascertain whether DcAstV is a diarrhoeal pathogen in dromedaries. Other epidemiologically studies in other camelids, other groups of animals and humans should be conducted to look for other hosts for DcAstV. (Guix et al., 2013) . Hosts of origin are indicated in parentheses. HAstV, human astrovirus; FAstV, feline astrovirus; PAstV, porcine astrovirus; CslAstV, California sea lion astrovirus; CaAstV, canine astrovirus; BdAstV, bottlenose dolphin astrovirus; MWAstV, Minke whale astrovirus; BatAstV, bat astrovirus; OAstV, ovine astrovirus; HMOAstV, human HMO astrovirus; FoxAstV, fox astrovirus; MAstV, mink astrovirus; RaAstV, rabbit astrovirus; RAstV, rat astrovirus; WBAstV, wild boar astrovirus; MuAstV, murine astrovirus; BAstV, bovine astrovirus; CcAstV, Capreolus capreolus astrovirus; BufAstV, water buffalo astrovirus; PcpAstV, porcupine astrovirus; ANV, avian nephritis virus; DAstV, duck astrovirus; TAstV, turkey astrovirus. Table 1 . Novel dromedary camel astrovirus
METHODS
Dromedary surveillance and sample collection. All dromedary faecal samples were left-over specimens submitted for pathogen screening to the Central Veterinary Research Laboratory in Dubai, United Arab Emirates, from January to February 2013. A total of 215 faecal samples from 203 adult and teenage (i1 year old) dromedaries (C. dromedarius) and 12 dromedary calves (v1 year old) had been tested.
RNA extraction. Viral RNA was extracted from the faecal samples using an EZ1 Virus Mini kit v.2.0 (Qiagen). The RNA was eluted in 60 ml AVE buffer (Qiagen) and was used as template for RT-PCR.
RT-PCR of ORF1b of AstVs using specific primers and DNA sequencing. DcAstV screening was performed by PCR amplification of a 307 bp fragment of ORF1b in DcAstV, using specific primers (59-TGAGCAACACCAGAACAACCTT-39 and 59-TTGAACCGTGA-CCTCTCCAGAT-39) designed from sequence information from a metagenomics analysis (Woo et al., 2014a) . RT was performed using a SuperScript III kit (Invitrogen) and the reaction mixture (10 ml) contained RNA, first-strand buffer [50 mM Tris/HCl (pH 8.3), 75 mM KCl, 3 mM MgCl 2 ], 5 mM DTT, 50 ng random hexamers, 500 mM each dNTPs and 100 U SuperScript III reverse transcriptase. The mixtures were incubated at 25 uC for 5 min, followed by 50 uC for 60 min and 70 uC for 15 min. The PCR mixture (25 ml) contained cDNA, PCR buffer[10 mM Tris/HCl (pH 8.3), 50 mM KCl, 2 mM MgCl 2 and 0.01 % gelatin], 200 mM each dNTPs and 1.0 U Taq DNA polymerase (Applied Biosystems). The mixtures were amplified by 40 cycles of 94 uC for 1 min, 50 uC for 1 min and 72 uC for 1 min, with a final extension at 72 uC for 10 min in an automated thermal cycler (Applied Biosystems). Standard precautions were taken to avoid PCR contamination and no false positives were observed in negative controls.
All PCR products were gel purified using a QIAquick gel extraction kit (Qiagen). Both strands of the PCR products were sequenced twice with an ABI Prism 3730xl DNA Analyser (Applied Biosystems), using the two PCR primers. The sequences of the PCR products were compared with known sequences of ORF1b of AstVs in GenBank.
Complete genome sequencing. Four complete genomes of DcAstV were amplified and sequenced using the RNA extracted from the faecal specimens as template. The RNA was converted to cDNA by a combined random-priming and oligo(dT) priming strategy. The cDNA was amplified by primers designed from the sequence information obtained from our metagenomics analysis (Woo et al., 2014a) . Additional primers were designed from the results of the first and subsequent rounds of sequencing, using the strategies we used for sequencing other positive-sense ssRNA viruses (Lau et al., 2012a; Woo et al., 2009 Woo et al., , 2012c . The 59 ends of the viral genomes were confirmed by rapid amplification of cDNA ends using a 59/39 RACE kit (Roche). Sequences were assembled and manually edited to produce the final sequences of the viral genomes.
Genome analysis. The nucleotide sequences of the genomes and the deduced amino acid sequences of the ORFs were compared with those of other AstVs using MatGAT 2.02. The possible overlapping genes were analysed by MLOGD (Firth & Brown, 2005) . Amino acid sequences were aligned by PROMALS3D (Pei et al., 2008) . A phylogenetic tree of ORF2 was reconstructed using maximum-likelihood with PhyML 3.0 with 100 bootstrap replicates according to the best-fit model (LG+I + G + F) determined using Aikake information criteria in ProtTest 3.4 (Darriba et al., 2011; Guindon & Gascuel, 2003) . A Simplot was constructed using Simplot version 3.5.1, as described previously (Lau et al., 2012b) , with a nucleotide alignment of the genome sequences of DcAstV generated by Mafft version 7.220 and DcAstV-64 as the query.
Recombination analysis. Possible recombinant events between the four strains of DcAstV and selected strains of the closely related PAstV, BAstV and CcAstV were investigated using SBR analysis and GARD analysis implemented in the Datamonkey remote server. The substitution model was selected automatically before being applied to the recombination-site analysis. To further examine the topological incongruence in phylogenetic trees between the different regions partitioned at the possible breakpoint, maximum-likelihood trees were reconstructed for the separate partitions.
Estimation of synonymous and non-synonymous substitution rates. The number of synonymous substitutions per synonymous site, K s , and the number of non-synonymous substitutions per nonsynonymous site, K a , for each coding region between the four strains of DcAstV were calculated using the Nei-Gojobori method (JukesCantor) in MEGA6 (Tamura et al., 2011) .
Viral culture. The four faecal samples positive for DcAstV were cultured in Dubca (Arabian camel fibroblast, ATCC CRL-2276), Caki-3-R (Arabian camel kidney, CCLV-RIE 1284), LMH (chicken hepatocellular carcinoma, ATCC CRL-2117), PK 15 (pig kidney epithelial, ATCC CCL-33), Caco-2 (human colorectal adenocarcinoma, ATCC HTB-37) and HT-29 (human colorectal adenocarcinoma, ATCC HTB-38) cells, respectively. After centrifugation, the faecal samples were diluted 10-fold with viral transport medium and filtered. Two hundred microlitres of the filtrate was inoculated into 200 ml minimum essential medium (MEM) with polybrene. Four hundred microlitres of the mixture was added to 24-well tissue culture plates, with each of the cell lines, by adsorption inoculation. After 1 h of adsorption, the wells were washed twice with PBS, and the medium was replaced with 1 ml serum-free MEM. Cultures were incubated at 37 uC with 5 % CO 2 and inspected daily by inverted microscopy for cytopathic effects. After 1 week of incubation, subculturing to a fresh cell line was performed, even if there were no cytopathic effects, and culture lysates were collected for RT-PCR for DcAstV. Three blind passages were carried out for each sample.
